Objective: To introduce our experience of robotic surgery of reconstructive uterovaginal anastomosis and operative outcomes in congenital cervical and vaginal atresia patients.
| INTRODUCTION
Congenital cervical atresia including cervical agenesis and cervical dysgenesis 1 is a rare Mullerian abnormality of the female reproductive tract, first reported by Ludwig in 1900. 2 The incidence is about one in every 80 000 to 100 000 births. 3 It is known to be associated with both partial and complete vaginal aplasia and renal anomalies. 4 It is defined as absent or aplasia of the cervix and characterized either by the absolute absence of any cervical tissue or by the presence of severely defected cervical tissue such as cervical cord or cervical fragmentation. 5 It will cause significant morbidity and mortality, if not diagnosed and definitively treated early.
The diagnosis was made according to clinical symptom and sign, such as amenorrhea, cyclical abdominal pain and pelvic hematometra.
Ultrasound and MRI (magnetic resonance imaging) are the two most important examinations for diagnosis. Different diagnosis include high transverse vaginal septum and imperforate hymen.
There are several classifications of cervical atresia, including the Buttram classification, 6 the American Fertility Society Classification of Mullerian Anomalies, 7 Rock. Congenital uterine cervical anomalies, 8 and ESHRE/ESGE classification. 5 The etiology of the disease is not very clear. Most uterine anomalies result from a defect in the development or fusion of the paired
Mullerian ducts during embryogenesis. Although familial aggregations -------------------------------------
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made. have been reported for some uterine anomalies, it is generally accepted that uterine anomalies result from a polygenic mechanism. according to ESHRE/ESGE classification, the other two patients were U0C4V4 ( Figure 1 ). First, we check out the whole pelvis, because of the obstacle of the low segment of the uterus, all four patients had adhesion and endometriosis. We used the monopolar scissor and bipolar forceps to separate the adhesion and exposed the uterus, ovaries and fallopians.
| Surgical procedures
The second stage was to open the peritoneum between the bladder and the low segment of the uterus to separate the bladder and explore the lowest part of the uterus corpus and to verify the diagnosis of cervical atresia and the classification. According to the ESHRE/ ESGE system, two of the patients were classified as U3C4V4.
In For the two patients classified U3C4V4, we performed fusion of uterus to make the uterine cavity spacious. We used monopolar to open both cavity and stitched each anterior and posterior wall continuously with absorbable materials to form a new cavity.
7 days after operation the vaginal mould was exchanged and the neovagina was irrigated with10% povidone-iodine.
Patients were instructed to wear the vaginal mould for about 12 months in succession. The IUD connected with the catheter was also recommended to be maintained for 12 months. Patients
were assessed post-operatively every 3 months, the menstrual pattern and the morphological results of the neovagina were also recorded.
| RESULTS
All four patients recovered well and reserved their uterus after robotic surgery without any complication. Average operation time was 232.5 AE 89.2 min, average blood loss was 225.0 AE 95.7 mL (Table 1) .
Hospital days after surgery were 10 AE 1.4. After surgery, all patients have regular menstruation without periodic pain. Average follow-up was 12 months, average vagina length was 8.9 AE 0.3 cm, vagina width was 2.9 AE 0.1 cm (Table 2 ). There was no re-admission. is the diagnostic gold standard. 10 Here, we agree the decision to include all variants of cervical dysgenesis in sub-class C4 as was made by the ESHRE/ESGE classification 5 to avoid an extremely extensive sub-classification, which does not seem to be user friendly.
We recommend early operation as the management of the disease. As early diagnosis and surgery is necessary to prevent endometriosis among patients with congenital cervical atresia 11 and can prevent significant morbidity and mortality.
Various methods of cervical reconstruction have been described in an attempt to create an epithelialized uterovaginal fistula to allow cyclic menstruation. However, many post-operative complications are observed. Traditionally, hysterectomy has been the preferred mode of treatment owing to the high rate of recurrent cervical obstruction and risk of infection. 8 But hysterectomy leads to infertility and can have adverse effects on young patients. From our experience, we recommend the uterovaginal anastomosis as the first recommendation for all patients and epithelialization with a suitable graft of the neocervical canal.
In our study, all four patients underwent epithelialization with SIS graft. SIS graft is derived from the submucosal layer of pig small intestine that has been mechanically separated from the adjoining intestinal layers. It is one kind of extracellular matrix (ECM)-based collagen material. The graft is acellular and composed of noncross-linked collagen (types I, III and V), glycosaminoglycans, proteoglycans, glycoproteins and multiple growth factors. 12 Studies have demonstrated tissue incorporation and epithelialization in Mayer-Rokitansky-Ku¨ster-Hauser syndrome (MRKHS) patients. 13 The SIS is de-cellularized, biocompatible and does not produce an immunologic rejection response. It was reported to promote rapid growth and epithelialization of surrounding tissue.
14 From the follow-up of the four patients, the neovagina and anastomosis part all epithelialized to different levels. No stenosis occurred.
Uterovaginal anastomosis can be performed by laparotomy, laparoscopy and robotics. As minimally invasive surgery is important for patients, especially for younger patients, laparoscopic or robotic surgery may be more favorable. The disadvantages of the laparoscopic approach include two-dimensional vision, dependence on assistance skill, decreased range of motion and the degrees of freedom of the instruments. The incorporation of robotics brings unique benefits to surgery, including intraoperative wrist-like motion of the robotic arms, which provides finer and more dexterous movements to perform a delicate dissection and suture. 15 We recommend moving the trocars up in order to make a spacious cavity to perform surgery as most patients were teenagers. surgery. 17 After that, favorable pregnancy outcomes were described neously. 18, 19 The surgery of cervico-vaginal anastomosis can provide patients with chances of spontaneous pregnancies. And before pregnancy and delivery, there are some potential obstetric complications patients must be counseled on, such as abortion, preterm delivery, cesarean section, uterine rupture, etc. In our study, all four patients were teenagers and we still need to follow-up their pregnancy outcomes.
| CONCLUSIONS
Our study found that cervical atresia might be successfully treated by uterovaginal anastomosis under robotics. We recommend the ESHRE/ESGE classification of cervical-vaginal abnormalities.
With appropriate evaluation and individualized management, we believe that a successful treatment and pregnancy outcome might be achieved. 
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